Abstract Pylephlebitis, or suppurative thrombophlebitis of the portal mesenteric venous system occurring in the setting of abdominal inflammatory processes, is a rare but deadly disease commonly associated with diverticulitis. We review our institutional experience in the management of patients with this condition. A retrospective review of medical records from 2002 to 2012 was performed. Patients with a portal mesenteric vein thrombosis (PMVT) within 30 days of an intra-abdominal inflammatory process were identified and evaluated. Ninety-five patients were included. The mean patient age at presentation was 57 years (range, 24-88). The most common associated processes were pancreatitis (31 %), followed by diverticulitis (19 %). Bacteremia was noted in 34 (44 %) patients. The most common organism cultured was Streptococcus viridans. Antibiotic and anticoagulation therapy was given in 86 (91 %) and 78 (82 %) patients, respectively. Overall, we report an 11 % mortality rate. Albeit rare, pylephlebitis most commonly was manifested in the setting of pancreatitis. Treatment should be individualized to culture results and extent of thrombosis. If diagnosed early and managed appropriately, a favorable outcome is possible.
Introduction
Pylephlebitis, a condition characterized by suppurative thrombosis of the portal vein, is a rare and deadly complication of intra-abdominal infections. 1, 2 The condition was first described in 1846 by Waller, who discovered it as the source of a hepatic abscess during autopsy. 3 Despite major advances in therapies over the past century, mortality rates remain high. Delays in diagnosis and management can complicate the condition, leading to a mortality rate as high as 25 % despite use of modern diagnostic imaging such as ultrasonography and computed tomography (CT) scans. 4, 5 A general consensus on the incidence and management of this infection is not clear in the literature, as experience is only limited to case reports, but has been estimated to be 2.7 per 100,000 person-years. 4, 5 Pylephlebitis results from an uncontrolled infection in the regions neighboring or drained by the portal system. Initially starting out as thrombophlebitis of small mesenteric veins, the process can spread to the portal venous system and hematogenously to the liver. Thrombosis of the mesenteric veins subsequently can lead to mesenteric ischemia, infarction, and bowel necrosis. Prior to the advent of antibiotics, pylephlebitis was most commonly seen in the setting of appendicitis; now, however, diverticulitis has become the most common cause, followed by appendicitis, inflammatory bowel disease, and other intra-abdominal infections. 1, [6] [7] [8] [9] Additional risk factors for pylephlebitis inc l u d e h y p e r c o a g u l a b l e s t a t e s o r c l o t t i n g fa c t o r deficiencies. 10 Albeit rare, pylephlebitis has also been reported as a complication of hemorrhoidal banding, silicone gastric banding, and CT-guided liver biopsy. [11] [12] [13] Presented in part at Digestive Disease Week, 2014
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The difficulty in managing pylephlebitis stems from its elusive diagnosis, as it presents with relatively nonspecific symptoms such as malaise, fever, abdominal tenderness, and nausea. Advanced stages may not be apparent until jaundice manifests due to hepatic involvement. A high clinical suspicion is of paramount importance, as presentation varies widely and diagnosis is often delayed. 14 We report on our institutional experience in the management of patients with pylephlebitis and seek to examine our practice in treating this cohort. Furthermore, we present the limitations in the understanding of this disease process and propose modalities that need to be further explored to understand this phenomenon in greater depth.
Methods
Approval was obtained from our Mayo Clinic Institutional Review Board to review patient records from 2002 to 2012. Since no ICD-9 code exists for pylephlebitis, a comprehensive search was necessary and performed using a data discovery and query builder to find all patients with the ICD-9 code for portal vein thrombosis (code 452). Once this data set was obtained, it was refined by using ICD-9 codes of coexisting intra-abdominal inflammatory processes within this cohort, which included acute appendicitis with peritoneal abscess (code 540.1); appendicitis (codes 540, 541, 542); diverticulitis (codes 562.01, 562.10, 562.11, 562.13); pancreatitis (code 577); cholecystitis (codes 575, 575.10); peritonitis (codes 567, 567.1, 567.29, 567.89, 567.9); cholangitis (576.1); hepatic abscess (code 572); and duodenal ulcer (code 532). Individual review of the selected patient medical records was undertaken to ensure the accuracy of the diagnosis. Patients were excluded if they had a prior history of hepatobiliary malignancies, prior splenectomy, prior transjugular intrahepatic shunt procedure, hepatic transplant, or chronic portovenous thrombosis.
Diagnosis of Pylephlebitis
The diagnosis of pylephlebitis is challenging; short of aspiration of culture-positive fluid from the portal system, the diagnosis must be made by other clinical means. We defined pylephlebitis as the presence of portal mesenteric venous thrombosis (PMVT) with or without bacteremia within 30 days of intra-abdominal inflammatory processes, as defined by ICD-9 codes above. Typical features of PMVT on color duplex sonography include a flow defect and dilation or absent compressibility of the portal venous system. Computed tomography (CT) and magnetic resonance imaging commonly show a distinctive central hypodense portal-mesentericvenous thrombosis compared to the peripheral hyperdense contrast media. 9 Images were reviewed to confirm presence of PMVT. Data collected from the electronic medical records included patient demographics, risk factors, abdominal source, culture results, site(s) of thrombotic event(s), method(s) of diagnoses, and treatment modalities including type of antibiotic and/or anticoagulation therapy, complications, and outcomes. For the purpose of this study, anatomic sites of portal system thrombotic involvement were divided into 6 categories: (1) right portal veins, (2) left portal veins, (3) main portal vein, (4) superior mesenteric vein, (5) inferior mesenteric vein, and (6) splenic vein. Data are presented as percentages or mean±standard deviation, as appropriate. Statistical analysis included the χ 2 test; a P value less than .05 was considered significant. Analysis was performed using JMP v. 9.0 (SAS Institute, Inc., Cary, NC).
Results

Patient Demographics and Etiology
A total of 95 patients met inclusion criteria, 57 (60 %) of whom were men. Mean age was 57 years ±16 (range, 24-88 years). Leading causes of pylephlebitis included pancreatitis, 31 % (n=29) and diverticulitis, 19 % (n=18) ( Table 1) . Thirty-two percent of patients had 1 or more risk factors for pylephlebitis ( Table 2 ). The most common site of thrombosis was the right portal vein, 33 % (n=31) ( Table 3 , Fig. 1 ).
Diagnosis
A total of 90 patients (95 %) underwent CT imaging (Table 4) . Blood cultures were drawn in 76 patients (80 %) and were positive in 34 (44 %). The most common organism was Streptococcus viridans in 8 (24 %), followed by Escherichia coli in 7 (21 %), and Bacteroides fragilis in 4 (12 %). Eight patients (24 %) had polymicrobial infections (Table 5) . Twelve patients had intra-abdominal abscesses as the initial septic focus leading to pylephlebitis; none of these had polymicrobial bacteremia; 5 patients with pancreatic necrosis had polymicrobial bacteremia.
Treatment
Antibiotic treatment was used in 86 patients (91 %), 66 (77 %) of whom were treated with 2 or more antibiotics. Anticoagulation therapy was used in 78 patients (82 %), with warfarin as the most common (n=62; 79 %). Sixty-four patients (67 %) were given both anticoagulation and antibiotic therapy (Table 6 ). When used, anticoagulation therapy was prescribed for median duration of 143 days±121. Two patients were managed conservatively without use of antibiotics or anticoagulation therapy as they cleared their septic foci early on in the course of their disease without need for intervention. No patient in our study group received thrombolytic therapy, operative exploration, or angiography to evacuate the portal venous septic thrombi.
Outcomes
Twenty patients in our study group developed complications from pylephlebitis, the most common of which was chronic thrombosis noted in 11 patients (12 %), followed by bowel ischemia in 4 (4 %). Only one of the four patients with bowel ischemia underwent surgical resection. The overall mortality rate was 11 % (Table 7) . There was a similar rate of death when antibiotics were used in conjunction, or in isolation of, anticoagulation therapy (10 vs 20 %, P=.265). Autopsy was performed in 3 out of the 10 patients who died; 1 patient died as a result of a complication from a perihepatic abscess, whereas the other 2 died from complications of necrotizing pancreatitis. Of note, the overall sources of infection in the 10 cases which resulted in mortality are as follows: pancreatitis (4), peritonitis (3), intra-abdominal abscess (2), and cholangitis (1).
Discussion
To the best of our knowledge, we report the largest institutional case series on pylephlebitis. Analysis of 95 cases at our institution showed that pylephlebitis can present in any age group in the adult population and is associated with multiple possible causes. As compared to the majority of existing literature showing diverticulitis and appendicitis as the most common causes of pylephlebitis, pancreatitis was the leading etiology in our study. As a tertiary referral center with expertise in pancreatic and hepatobiliary conditions, our institution tends to see a disproportionate number of patients with these conditions. As such, our results may not be reflective of the population at large and be generalizable to other centers with dissimilar referral patterns. It is also plausible that earlier diagnosis and treatment of diverticulitis and appendicitis in the high detection CT era may signify a shift in the susceptibility of the patient population affected by pylephlebitis.
The diagnosis of pylephlebitis relies on the demonstration of PMVT in the setting of suppurative bacteremia through aspiration of the portal vein. Given the invasiveness of this procedure, it is rarely performed. As a result, the use of surrogate markers such as the patient's clinical condition, imaging, and culture results are used. Pylephlebitis commonly presents with relatively nonspecific symptoms including fatigue, fever, abdominal pain, nausea and vomiting, diarrhea, and anorexia. 8 More advanced signs include hepatomegaly and jaundice, as disseminated hepatic involvement may result. Leukocytosis may be a common early finding, but both normal and decreased white blood cell counts have been noted in the literature. [15] [16] [17] [18] Thus, imaging studies demonstrating a thrombosis in the portal system are often regarded as appropriate surrogates in diagnosing this condition. Portal-venous phase imaging is the diagnostic modality of choice in an acute setting not only because of its ease of use and quality of clinical data, but also because of its ability to detect presence of a Two or more sites may be involved in each category; as such, the total may be greater than the total number of patients sequelae such as a hepatic abscesses or intestinal ischemia if present. 19 The regular use of CT imaging at our institution may have facilitated the search for occult sources of inflammation and enabled a more accurate diagnosis of pylephlebitis.
We noted the right and main portal veins to be common sites of involvement of thrombosis. An expert case analysis by Baril et al. 20 echoed similar findings, showing the main portal system to be a more common site of thrombotic involvement relative to the mesenteric veins. Studies advise that blood cultures be drawn in patients with suspected pylephlebitis; however, cultures will not always demonstrate microorganism grown as case reports have documented bacteremia ranging from 23 to 88 %. 15, 20 Our findings showed presence of bacteremia in 44 % of patients where blood cultures were drawn. Infection in pylephlebitis is commonly polymicrobial, but when a single microorganism is cultured, it is most frequently B. fragilis. 8 Bacteroides has been linked to pylephlebitis due to its facilitation of the coagulation cascade via its production Streptococcus Anginosus 3 (8) of transient anticardiolipin antibodies which break down heparin, along with the presence of its capsular components that accelerate fibrin cross-linking. 21, 22 In contrast, our study noted S. viridans to be the most common microorganism cultured from blood samples. Kanellopoulou et al. 8 noted a similar comparison, mentioning the Streptococcus spp. to be a leading isolate on culture results in his review of 100 pylephlebitis cases in the literature. Certain risk factors have been attributed to portal vein thrombosis, such as recent abdominal surgery, malignancy, hereditary thrombotic conditions, and patient immobility. 4 We found many of these risk factors in our study, along with demonstration of other risk factors, such as smoking, antiplatelet and steroid use, cirrhosis, connective tissue disorders, peripheral vascular disease, and history of venous thrombosis. 23 Appendicitis-associated pylephlebitis was commonly regarded as universally fatal in the preantibiotic era. As management has improved with the use of antibiotics and surgery to control the infection, there has been a noted decline in cases of appendicitis leading to mortality as a result of pylephlebitis. 8, 24 Many studies advocate the use of broadspectrum antibiotics in the management of pylephlebitis, even in the absence of positive bacteremia. 8, 15, 20 Current recommendations state that antibiotic therapy should be used in pylephlebitis for up to 4 or 6 weeks in the presence of a liver abscess. 15 Randomized controlled studies evaluating empiric antibiotic regimens in the treatment of pylephlebitis have not been performed, and thus, antibiotic utilization coverage should be based on culture results when available.
The pathogenesis of appendicitis and other bowelderived causes of pylephlebitis likely differ from pancreatitis. Given the limitations in the definition of pylephlebitis, however, there is no direct way to distinguish between pylephlebitis and portal vein thrombosis as a direct extension of pancreatitis. We suspect that the etiologies are likely different (i.e., antegrade inflammation leading to PMVT versus local pancreatic inflammation leading to PMVT). Still, an accurate timeline of events with the use of imaging would greatly discern between the two causes of PMVT.
The use of anticoagulation therapy in the management of pylephlebitis has been a controversial topic. As experience is limited to case reports, studies showing statistical significance in favor of or against the use of anticoagulation treatment are not present, resulting in much speculation. When used, the aim of anticoagulation is to reverse or prevent propagation of thrombosis and further complications. Plemmons et al. 15 noted a 100 % survival rate among patients who received anticoagulation with heparin compared to 60 % survival among those who were not anticoagulated, though statistical significance was not reached. Kanellopoulou et al. 8 noted that the early use of anticoagulation in portal vein thrombosis may minimize serious sequelae and speed up recanalization. Our results are concordant; we noted a lower mortality rate than that reported in the literature, which we believe can partly be attributed to early use of anticoagulation therapy. Of course, the risks of anticoagulation must be weighed against the potential benefits. There is no general consensus on duration of anticoagulation therapy use; certain studies suggest 3 to 6 months of anticoagulation treatment if no other underlying thrombotic disease is present. 25 As yet, the end point of anticoagulation therapy remains elusive.
Invasive techniques such as systemic thrombolysis, catheter directed thrombolysis, and thrombectomy were not used in our cohort.
14 Several case reports and small series have shown favorable outcomes, however, with thrombolysis. Given the need for multiple operations and/or percutaneous procedures, the patient population under study carried a high risk of hemorrhagic complications; thus, no patient in our series was managed in this manner. Surgical thrombectomy has been associated with higher recurrence rates of thrombosis, and thus, some studies have advised against such measures.
8,25
Conclusion
In conclusion, to date, we report on the largest case series on pylephlebitis showing the lowest mortality rate currently presented in literature. We recommend early use of antibiotics and anticoagulation therapy in the course of disease concurrent with source control of the abdominal infection.
